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Diversity, Aggregation, Leg Mutilation and Mite
Infestation of Costa Rican Phalangida, Opiliones
(Arachnida)
Katherine Ayres
Department of Biology, Pomona College, Claremont, California
_____________________________________________________________________________________

ABSTRACT
Phalangida diversity, aggregation composition, leg mutilation and mite infestation were analyzed under a
variety of substrates in a pasture and a forest fragment in Cañitas, Guanacaste, Costa Rica. Any solitary
individual or group of individuals found on or under a substrate were collected and analyzed. For each
aggregation, the number of individuals was recorded. Each individual was identified to family and
morphospecies. The numbers of missing legs and the leg pair to which they belonged were analyzed for
each individual. The number of mites and their locations on the body were also analyzed. Species
diversity for each habitat was calculated using the Shannon-Wiener diversity index and the forest
fragment was found to have a significantly higher Phalangida diversity (modified t-test; t = 10.96, p <
0.001). Aggregation sizes and species combinations revealed that Phalangida aggregations tend to be rare
and smaller in the forest fragment. Of the aggregations containing two or more individuals, there was a
higher percentage of multi-species aggregations (62.5%) than monospecies. Only one multi-species
aggregation combination occurred more than once. Leg analyses indicated that species in the Palpatores
suborder tend to lose legs at the coxae, while Laniatores have legs missing at various locations. Mite
infestation analyses indicated that mites preferred legs to the body and will infest any part of the leg
except the tarsus. No mite preference was observed between the cephalothorax and abdomen. This study
was a preliminary investigation of Costa Rican Opiliones in hopes to learn more about the natural history
of this poorly understood group of organisms. Overall, Opiliones appear to be a diverse suborder and this
diversity may be threatened by deforestation.

RESUMEN
La diversidad de Phalangida, la composición de las agregaciones, la perdida de segmentos en las patas y
la infestación de ácaros se analizaron bajo una variedad de sustratos en un pasto y un fragmento del
bosque en Cañitas, Guanacaste, Costa Rica. Individuos solitarios o en grupos que se encontró en o bajo
un mismo sustrato se consideró una agregación. Se registró el número de individuos para cada
agregación. Cada individuo fue identificado a familia y a morfoespecie. El número de patas mutiladas y el
par a que ellas pertenecieron fue analizado también. El número de ácaros y sus ubicaciones en el cuerpo
fueron también analizados. La diversidad de especie para cada hábitat se calculó utilizando el índice de
diversidad de Shannon Wiener y el fragmento de bosque mostro tener una diversidad más alta de
Phalangida que el pasto (Prueba modificada de T; t = 10.96, p < 0.001). Los tamaños de las agregaciones
y su composición revelaron que las agregaciones de Phalangida tienden a ser más pequeñas y más raras
en el bosque. Se encontró un porcentaje más alto de las agregaciones múltiples (62.5% de las especies)
que agregaciones deformadas de una sola especie. Sólo una de las combinaciones posibles de especies se
repitió más de una vez. Al analizar la mutilación de las patas indicó que las especies en el suborden
Palpatores tienden a perder las patas desde la coxa, mientras que las pertenecientes al suborden Laniatores
tienden a perder en ubicaciones diferentes. La infestación de ácaros analizada indicó que los ácaros

analizados prefieren las patas al cuerpo e infestaron cualquier parte de la pierna menos el tarso. No se
encontró preferencia de los ácaros infestando el cefalotórax o el abdomen.

INTRODUDTION
The orders Opiliones (commonly known as harvestmen), belongs to the class Arachnida
and is divided into three suborders: Cephophthalmi, Palpatores and Laniatores. All three
suborders contain species dispersed throughout the world (Machado and Raimundo
2001). However, described Palpatores species are mainly found in the Holoarctic region
while Laniatores are mostly found in the Neotropics (Machado and Raimundo 2001).
The Palpatores and Laniatores are often grouped together under the name Phalangida
with Cephophthalmi as the basal group (Shultz 2001). In general, Opiliones reach a high
level of diversity in Neotropical, moist forests where most of the world's 5,000 described
species are found (Machado et al. 2000, Hogue 1993).
Harvestmen are mainly nocturnal foragers with a highly variable diet including
other arthropods, dead animal material and/or fruit (Machado and Pizo 2000; Levi & Levi
1990). All Opiliones, studied thus far, prefer shade and moist conditions (Hogue 1993).
They often forage at night and find shelter during the day in a wide variety of humid
microhabitats: beneath rocks, in rotting or live tree bark crevices, on cave walls or
vegetation, among tree root clumps, and under leaf litter on the forest floor (Machado &
Vasconcelos 1998; Hogue 1993). Among these different substrates, gregarious behavior
has been observed in many species of harvestmen, in both the Laniatores and Palpatores
suborders (Machado and Vasconcelos 1998).
Little is known about the ecological importance of gregarious behavior in
Opiliones (Machado et al. 2000). Holmberg et al. (1984) investigated possible reasons
for these behaviors and suggested four theories: (1) harvestmen individuals seek out
overlapping optimal microhabitats to avoid dehydration; (2) overlapping legs in
compactly grouped individuals reduces airflow, decreasing evaporation and dehydration;
(3) aggregations are defense mechanisms against predators that utilize collective,
repulsive, chemical secretions; (4) aggregations are mating groups. A fifth theory was
suggested by Machado et al. (2000) stating that aggregations may reduce individual risk
of predation through dilution effect.
In addition to monospecies aggregations, multi-species aggregations have also
been reported for three Leiobuninae species (Palpatores) in the Southern United States
(Machado and Vasconcelos 1998) and three Gonyleptidae species (Laniatores) in Serro
do Cipó, Brazil (Machado & Vasconcelos 1998). The five aggregations theories have
been modified to three to explain multi-species aggregations. These three theories
include: (1) the same microhabitat theory; (2) some species exploit the use of alarm
chemicals by other species to warn against predators; and (3) all species benefit from
dilution effect (Machado & Vasconcelos 1998). Multi-species aggregations have not
been widely studied and their importance to harvestmen communities should be
investigated further.

Opiliones have a wide variety of predators that include spiders, toads, lizards,
mammals (especially opossums), heteropterans and the assassin bug (Machado et al
2000). Opiliones also display a wide range of predator avoidance and deterrence tactics:
leg autonomy (Roth and Roth 1984), fleeing, moving legs in a way that pinches the
offender (Machado et al 2000), feigning dead (Machado et al 2000), dropping from cave
walls or vegetation (Machado et al. 2000) and, the secretion of defensive quinines or
phenols (Hogue 1993). Machado and Bonato (2001) also showed that one gregarious
Gonyleptidae species uses an alarm pheromone that stimulates group dispersion.
In addition to predation, harvestmen show a variety of poorly understood parasite
interactions. Many different Phalangida species have been observed to carry one or more
red mites attached to their body (Mauricio Garcia pers. comm.). Visual observation has
shown that the proboscis of the mite is attached to the individual's body and therefore it
is thought that these mites are parasitic, although they may not be harvestman specific.
Milne and Milne (1980) state that mites in the Trombidiidae family sometimes parasitize
Opiliones as one of many arthropod hosts. Fungal pathogens, bacteria and protozoa have
also been shown to parasitize Opiliones (Machado et al. 2000) as well as one account of
Dipteran larvae parasitism that resulted in the death of a female Goniosoma longipes
(Gonyleptidae) (Machado et al. 2000). However, little is known about harvestman mite
parasitism.
Opiliones have not been widely studied in Costa Rica. Instituto Nacional de
Biodiversidad (InBio) keeps lists of Costa Rican biodiversity for a number of organisms.
InBio lists, on their website, that there are four Costa Rican, Phalangida families:
Cosmetidae, Gonyleptidae and Phalangodidae (Laniatores) and Phalangiidae
(Palpatores) (www.arachnology.org/; accessed May 8, 2003). They list 25 described
species of Phalangodidae and 11 Phalangiidae species in Costa Rica. No species are
currently posted for Cosmetidae or Gonyleptidae species. It is believed that there is a
substantial number of undescribed species in Costa Rica. An assessment of Phalangida
species found in Costa Rica would be helpful to better understand Opiliones distribution
and natural history. Also an investigation of species diversity in two different habitats
(such as a forested fragment and a pasture) could help determine whether deforestation
posses a possible threat to Opiliones diversity. It is likely that diversity is higher in a
forest where there is more substrate abundance and heterogeneity.
Although aggregations have been studied in a few select families of Phalangida, a
general study of harvestmen aggregation behavior could help identify if any, and which
one or combination, of the five proposed aggregation theories best explains this behavior.
Not much is known about multi-species aggregations except that they appear to be rare
and occur between individuals of the same family or subfamily. An investigation of
aggregation species combinations would be interesting to determine if these interactions
are common and if any and which one or combination, of the three proposed multispecies theories best describes these interactions.

Members of the Palpatores suborder utilize leg autonomy most frequently and
efficiently than any of the other defenses (Roth and Roth 1984). Laniatorids have been
shown to practice a number of the listed defensive strategies but no information was
found on which tactic is used most often. Since Laniatorids tend to have thicker, more
protected legs it is believed that they should not exhibit leg mutilation to the same degree
as Palpatorids. However, preliminary observations showed that members of both
suborders can be found missing legs and/or leg parts. Therefore, in both suborders the
amount of leg mutilation could be an indicator of predator deterrence tactics in
Phalangida suborders. Leg mutilation locations would demonstrate to what extent these
suborders practice leg autonomy. It is also known that Opiliones use their second pair of
legs, the longest pair, for sensory of surroundings (Levi and Levi 1990) making these the
most accessible legs to a predator and are therefore likely to be missing more frequently
than the other three pairs of legs.
Because no information was found on specific parasite/host interactions between
mites and Opiliones it would be interesting to investigate this interaction to determine
whether these mites are specific to certain harvestmen species. It would be interesting to
analyze where on the body mites are found.
It was hypothesized that Opiliones mites are generalist parasites, at least within
the Phalangida, because they are observed on both Palpatores and Laniatores species. It
was also believed that the places most susceptible to mites are the softer, less protected
parts of the body: leg joints, eyes, and abdomen while the least likely places are those
where the mite could be easily rubbed or groomed off. Therefore, they should be found
on the legs less often than the body but especially leg tips (i.e. meta-tarci and tarci).
This study was designed to investigate many aspects of Costa Rican Phalangida,
Opiliones. The goals of the experimental were five fold: (1) to inventory the different
kinds of Opiliones species found in Cañitas Guanacaste, Costa Rica, identify them to
family and assign different morphospecies; (2) investigate Phalangida species diversity in
two different habitats (pasture and forest fragment); (3) observe Phalangid aggregations
in the two habitats and determine the frequency of multi-species aggregations and
specific combinations found together; (4) analyze leg mutilation of the two Phalangida
suborders (Laniatores and Palpatores), and (5) investigate harvestmen mite infestation.

MATERIALS AND METHODS
STUDY SITE AND CONDITIONS. -- Harvestmen

were collected and observed from April 12
to May 5, 2003, on a farm in Cañitas, Guanacaste, Costa Rica. The data were always
taken during the day from 8:00 AM to 1:00 PM. Opiliones were collected in both
pasture and forest on and under substrates of logs, boards or pieces of bark (one
individual was found on a tree trunk). The study site was on three hectares of land with
two hectares in pasture for dairy cattle, and the last hectare in a forest patch. The pasture
and the forest fragment met to form an obvious ecotone. To avoid repeat sampling, each

day of data collection took place in a different 20 x 60 meter plot straddling the ecotone
to incorporate both pasture and forest.
AGGREGATION COLLECTION.—Data

collection involved turning over any possible
substrate within the plot, looking for solitary or aggregated Opiliones. Substrates were
always at least a meter apart and only sampled once. When Opiliones were found all
individuals on or under the substrate were caught and placed in a plastic Ziplock© bag.
Holes in the substrate were probed with small sticks or tweezers to flush out hiding
Opiliones, which were then combined with the others. The substrate was recorded to be
in the pasture or forest fragment and the substrate type was noted(log, board, bark or tree
trunk).
Palpatores individuals were guided into the bag and not handled to avoid leg
autonomy induced by the investigator. The Laniatores species collected all had strong
legs that did not break when handled and could therefore be picked up by the leg.
AGGREGATION AND INDIVIDUAL OBSERVATIONS.—For

the purpose of this study,
"aggregation" was defined as a group of Opiliones that includes all the individuals in, on
or under a substrate opposed to individuals grouped with legs crossing used in other
studies (Machado et al. 2000; Holmberg et al. 1984). Once all the individuals of a
substrate were caught, aggregation size was recorded (including "one" for a solitary
harvestman). For each individual (solitary or in aggregating) the following observations
were recorded: morphospecies, numbers of legs mutilated, numbers of mites and where
they were located (leg or body). Legs were numbered 1-4, one, being the pair closest to
the head, to four, the one closest to the rear of the animal. For each broken leg on an
individual, the leg number and location where it had been broken: Coxa, femur, patella,
tibia, metatarsus or tarsus was recorded. For each mite found on the leg of an individual,
the leg number and the location (coxa, femur, tibia etc.) were recorded. Each mite found
on the body was recorded as being on the cephalothorax or abdomen.
MORPHOSPECIES DETERMINATION.—All

species were identified to family and
morphospecies were determined by a wide range of factors including: (1) body and leg
shape and structure; (2) leg length relative to body; (3) organization of eyes; (4) presence,
number, location and sharpness of spikes; (5) Numbers of segments on metatarci and
tarci; (6) Pedipalp structure; (7) number and type of claws at the end of each leg and/or
pedipalp.
When the morphospecies of an individual was not previously determined or could
not be determined in the field than the specimen was placed in a vial of 70% alcohol and
labeled with a new letter after all previously mentioned observations were made. If the
morphospecies of an individual could be determined from a previously collected
specimen (true for only the three Cosmetidae species) than the individual was released,
following observations, next to the substrate where it had been caught.

DATA ANALYSES.—Species

diversity of the two habitats, pasture and forest, were
compared using the Shannon-Wiener diversity index and compared using a modified ttest (Zar 1984). The species similarity between habitats was calculated using the Jaccard
Coefficient of Similarity (Southwood 1978). The number of individuals in the group in
relation to the species richness of the group was analyzed using a simple linear
regression.

RESULTS
FAMILY AND SPECIES INVENTORY.—Species

representing all the families listed by InBio
except Gonyleptidae were found. A total of 29 morphospecies were identified (13 in the
pasture, 16 in the forest) (Fig. 1). The morphospecies found were lettered according to
family (CS = Cosmetidae, PD = Phalangodidae and PG = Phalangiidae) (Fig. 1). For
Cosmetidae, Phalangodidae and Phalangiidae, three, five and twenty species were
identified respectively (Fig. 1).
SPECIES DIVERSITY IN THE TWO HABITATS.—A

total of 137 individual harvestmen
habitats (119 in the pasture and 18 in the forest) was used in the analysis of species
diversity of the two. Most of the individuals in the pasture belonged to species CS1 (92
individuals) (Fig. 1). Shannon-Wiener diversity of Opiliones in the forest (H' =
1.22) was significantly higher than that of the pasture (H’ = 0.46) (Modified t-test t =
10.96, p < 0.001). Between the two habitats, there was a low similarity coefficient (Cj
= 0.015) because they only shared two species, CS2 and CS3.
AGGREGATION SIZES AND COMPOSITION.—A

total of 14 solitary Opiliones were found.
Eighteen aggregations (14 in the pasture and four in the forest fragment) of two or more
individuals were collected (Fig. 2). The number of individuals per aggregation tended to
be smaller in the forest than in the pasture (Fig. 2). Most of the Opiliones found in the
forest were solitary individuals or small aggregations, no larger than three individuals.
The pasture had a wide range of aggregation sizes, anywhere from one, solitary
individual to 28 individuals (Fig. 2).
Sixteen of the 18 aggregations were used for analyzing the frequency of multispecies aggregations (Table 1). The other two aggregations were not used because they
included individuals that got away and were not identified species. Of the 16 analyzed
aggregations, ten (62.5%) were multi-species (Table 1)
Of the 29 morphospecies, 19 (65.5%) were found to aggregate at some with at
least one other species, while only 10 (34.5%) were never found with another species
(Table 2). Species CS1 was found in aggregations with 11 of the other morphospecies
(Table 2). The only multi-species interaction observed more than once was between two
morphologically similar Cosmetidae species, CS2 and CS3 (Table 2). A significant
positive relationship was found between the number of species in a group and the size of

the group (Fig. 3) (Simple Regression R2= 0.26, N = 16, p = 0.0038).
LEG MUTILATION.—Some

individuals in both suborders, Laniatores and Palpatores were
found to have mutilated legs. However, the five Phalangodidae individuals (Laniatores)
were never missing legs while two Cosmetidae (Laniatores) species and nine
Phalangiidae (Palpatores) species contained individuals with mutilated legs (Table 3).
CS1 had the number of mutilated legs, 12, however it was also the species with the most
individuals collected (92 individuals) (Table 3 and Fig. 1). All mutilated Palpatores
individuals had legs missing from the coxa except for one that had a leg broken at the
patella (Table 4). Laniatores had a more even distribution of leg locations with at least
one individual missing legs at each location except the patella. Of the Palpatores
individuals, 45.4% of the individuals were missing legs opposed to 12.1% of the
Laniatores species. Leg pairs two and four were mutilated twice as often than pairs one
and three, however this result was not significant (Table 5).
MITE INFESTATION ANALYSIS.

— Mites were found on Phalangiidae and Cosmetidae
species. They were not found on the five Phalangodidae species. Mites were found on
legs more often than on the body (X2 = 5.90) (Fig. 4). Mites were found at least twice on
all parts of the leg except the tarsus. They were found most often on the tibia (n = 11) but
there were similarly high numbers found on the femur (n = 8) and the patella (n = 7) (Fig.
5). There was no significant difference in the occurrence of mites on the cephalothorax
versus the abdomen (Fig. 6).

DISCUSSION
Collected individuals represented all expected families except Gonyleptidae.
Gonyleptidae species are cavernous (Machado and Raimundo 2001; Oliveira 2001;
Machado et al. 2000; Machado and Oliveira 1998) and sometimes found in rock or tree
trunk crevices, buried in mud or within tree root clumps (Machado et al.2000; Machado
and Vasconcelos 1998). This study did not investigate any of these substrates which is
probably why Gonyleptids were not found. It could also be that these species need
continuous forest to survive and therefore not present in forest fragments or pastures.
Phalangiidae species were found most frequently suggesting that this is the most diverse
family in the Cañitas area. More research is needed of other possible substrates such as
caves, mud and tree crevices to determine if this is actually the most diverse family in
this area.
Many more individuals were found in the pasture than the forest even though the
number of substrates examined was approximately the same (16 in the forest and 18 in
the pasture). This was due to the large aggregations (up to 28 individuals) of Cosmetidae
species found in the pasture and the many solitary individuals found in the forest (Fig. 2).
CS1 individuals dominated the species in the pasture but were not found within
the forest fragment (Fig. 1). This species appears to respond well to disturbance and can

be found in large aggregations near houses, piles of boards or wood and under any
"artificial" substrate that provides shade (Mauricio Garcia-C and Karen Masters pers.
comm.). CS1 was not found in the forest, which is added evidence that they prefer
disturbed habitats. However, nightly behavior is unknown for CS1. They may rely on
forests, or forest fragments, for nightly foraging and return to disturbed areas to aggregate
during the day. However, these diversity results and observations suggest that
deforestation in the Cañitas area will result in a loss of harvetman species evenness and
an increase in overall dominance by species CS1.
The forest fragment had higher Phalangida diversity than the pasture. This is
probably due to more habitat heterogeneity and/or the presence of diverse resources that
can be exploited. For example, all five Phalangodidae species were found in the forest
and two were found in pieces of soft, rotting bark lying near fallen trees. No bark of this
consistency was found in the pasture because there were no decomposing, fallen trees.
The lack of this type of bark most likely results in no Phalangodidae species in the
pasture that utilize this substrate type. Also, Opiliones have a wide diet range from fruit
juices to other arthropods (Machado and Pizo 2000). These resources are probably more
abundant and diverse in the forest, which could have lead to Opiliones niche-partitioning
(Hutchinson 1959) throughout evolution yielding a high harvestman diversity in the
forest. Therefore, when deforestation to pasture occurs, Opiliones diversity will be
lowered because only species, like CS1, that exploit the few substrate types and resources
found in a pasture can survive.
This lower pasture survivorship hypothesis is supported by the low similarity
between the two habitats. If diversity is lower in the pasture and the two do not share
many species than there is a cut off at the ecotone: forest species do not cross over to the
pasture and vice versa. As deforestation in the tropics pushes this ecotone more and more
into the forest in favor of pasture than forest species probably will not survive. There
needs to be more research to support this theory especially because this study did not
investigate species overlap at night when Opiliones are foraging. However, it is
hypothesized that forest species rely on forest substrate diversity and abundance probably
to avoid dehydration and predators. Furthermore, deforested pastures will not provide
enough substrate diversity and abundance to support healthy populations of Opiliones
and many species will abruptly go extinct following forest destruction.
Large aggregations were rare in the forest and common in the pasture suggesting
that species in the forest tend to be less social than those in the pasture. This result
supports the Holmberg et al. (1984) microhabitat theory stating that Opiliones may
aggregate due to overlapping, preferred microhabitat conditions. Perhaps not all
individuals aggregate in the pasture to be with other Opiliones but do so because there are
fewer substrates to choose from and aggregation results from individuals seeking out
suitable microclimates to avoid dehydration. As previously discussed, the forest provides
a higher diversity and abundance of possible substrates. This may dilute forest

aggregations because individuals are not convening as a result of similar microhabitat
requirements. Another aggregation theory is that these harvestmen aggregate to lower
predation through dilution effect (Machado et al. 1998). However, because Opiliones
aggregate less and in smaller groups in the forest, applying this theory would suggest that
Opiliones are threatened with higher predation in the pasture and therefore need a greater
dilution effect (i.e. more individuals per aggregation). This could explain the larger
pasture groups and solitary forest individuals because there is greater visibility in the
pasture and probably more exposure to predators making the need for dilution effect
greater in this habitat.
Multi-species aggregations were more common than single species aggregations
and CS1 was found with 11 other species at one time or another. Yet, only one
aggregation species combination was found more than once. Again, these results can be
best explained by the microhabitat theory and possibly the dilution effect. Species
composition was rarely repeated, meaning there were no consistent, inter-specific
interactions. Therefore, the overlapping legs to avoid dehydration theory is unlikely
because all Phalangida species would have had to evolve the tendency to cross legs with
other Phalangids and this investigation did not observe this behavior between species.
Dilution effect is a better explanation. However, this effect could be a result of species
aggregating based on microhabitat conditions, opposed to the reason why multi-species
aggregate together.
On the other hand, alarm pheromone exploitation could be applied to CS2 and
CS3 because this species was found together twice (actually three times because they
were found together in one of the two aggregations not used for analysis; see Results).
At least one of these species secretes a very noxious, sour smelling chemical but it was
not recorded which one or if both did this. It is therefore possible that these species use
collective chemical secretions or one exploits the secretions of the other. This is an
interesting interaction with many possibilities future investigation.
Palpatores species were shown to suffer higher rates of general leg mutilation and
complete leg loss (i.e. severing at the coxa) than Laniatores species. Laniatorids tend to
have shorter, stronger, more protected legs than Palpatores; therefore they probably rely
more on defensive chemicals more than leg autonomy. In this study, the investigator
never experienced breaking off a Laniatorids leg. However, many Palpatores individuals
easily lost legs when handled. And often, while holding a Palpatores individual by one
leg it would push against the handler's fingers with the other legs until the leg being held
broke off.
Between both suborders, leg pairs two and four were missing more often, but not
significantly, than one and three. This is understandable because legs one and three are
the longest pairs of legs and are thinner than pairs one and three. Being longer makes legs
more available to predators and thinner legs are probably more delicate but further work
is needed to determine leg strength. Given a larger sample size, it is believed that there

would be a significant difference between short leg and long leg mutilation frequencies.
Lastly, this study shows that mite parasitism is fairly common among Phalangida
species. These mites parasitize Phalangiidae and Cosmetidae species while they were
never found on Phalangodidae species. However, the Phalangodidae sample size was
extremely small (N = 5 individuals) and perhaps not enough were studied to observe
mites. It is worth noting that the two families parasitized by mites are often found in
aggregations together and both had representative individuals in the pasture, while the
Phalangodidae species were never found with individuals of another family and were
only found in the forest. In addition, a mite was observed crawling on a piece of wood in
the pasture. Perhaps mites are transmitted between these two families in the pasture, but
further investigation is needed to confirm this hypothesis.
Mites were found more often on the legs than on the body, which was unexpected
because mites on legs are more susceptible to rubbing off when on the leg then when
safely tucked in by the body. However, the mites might not prefer the body because
many harvestmen secrete defensive chemicals from a pair of glands on the cephalothorax.
This may be an indication that these chemicals are somewhat effective in deterring mite
parasites as well as predators. It would be interesting to see what kind of mites parasitize
Opiliones, whether they are always the same species or perhaps within one family. This
would help to clarify this host/parasite interaction and how it evolved.
Little is known about Opiliones because they are rarely studied. Most of what is
known is from studies of species in the United States and Brazil. It is believed that this
investigation of diversity, aggregation behavior, leg mutilation and mite infestation was a
preliminary study of Opiliones in Costa Rica and provides many possible areas for future
investigation of Costa Rican species. However, first and foremost, Costa Rican species
ought to be identified and named and incorporated into a dichotomous key to help
identify harvestmen specimens. In order to determine morphospecies and avoid labeling
two individuals of the same species different, it would be helpful to investigate variation
of morphological characteristics within species, such as variation between sex and age.
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Table 1. The numbers of different species found in aggregations of two or more individuals. Of
the 16 aggregations of two or more individuals ten were multi-species while only six were
monospecies.
Number of
species/aggregation
1
2
3
4
Total

Number of aggregations found with
this number of species
6
6
2
2
16

TABLE 2. Pairs of different morphospecies species found together in multi-species, Opiliones
aggregations. These data incorporates multi-species aggregations in both habitats.
Morphospecies are labeled by family (CS = Cosmetidae, PD = Phalangodidae and PG =
Phalangiidae)
CS1
CS2
PD1
PG1
PG10
PG11
PG15
PG16
PG19

CS2
1

CS3
1
2

PD2

PG3
1

PG4
1

PG5
1

PG7

PG11

PG12

1

1
1

PG15
1

PG16
1

PG17
1

PG18
1

1

1
1

1
1

1

PG19
1

PG20
1

TABLE 3. The Opiliones morphospecies that were found in either habitat with mutilated legs,
the total number of individuals found for that species, the total number of individuals in that
species with mutilated legs and the total number of mutilated legs observed on individuals within
that species
Species
CS1
CS2
PG1
PG4
PG5
PG6
PG13
PG14
PG16
PG18
PG19

Number of
individuals
92
13
1
2
1
1
1
1
1
1
1

Number of individuals missing
legs
12
2
1
2
1
1
1
1
1
1
1

Total number of legs
missing
13
2
1
8
1
1
2
2
2
3
2

TABLE 4. Locations of severing for mutilated legs and differences in these locations between
different Phalangida suborders in both habitats. The location was determined by where the leg
had broken off and the last part still present was recorded.
Part of leg
Coxa
Femur
Patella
Tibia
Metatarsus
Tarsus

Palpatores
21
0
1
0
0
0

Laniatores
2
3
0
4
5
1

Total # mutilated
23
3
1
4
5
1

TABLE 5. Total number of times a leg was mutilated for each leg pair, one through four. Leg
pair one is closest to the head and the other three are numbered moving back toward the rear of
the animal.
Leg pair number
1
2
3
4

Total number mutilated
6
12
6
11

